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APPARATUS AND METHOD FOR 
POLISHING MULTIPLE SEMICONDUCTOR 

WAFERS IN PARALLEL 

FIELD OF THE INVENTION 

The invention relates generally to chemical mechanical 
polishing (CMP) systems, and more particularly to an appa 
ratus and method for chemically and mechanically polishing 
multiple semiconductor Wafers on a single polishing pad. 

BACKGROUND OF THE INVENTION 

During a fabrication process of a high density multi 
layered semiconductor device, one of the most important 
processing steps is planariZing a layer of a semiconductor 
Wafer by removing uneven topographic features of the 
Wafer. The layer planariZation alloWs patterns that are sub 
sequently formed above that layer to be more uniform. In the 
case of conductive patterns, the planariZation of the under 
lying layer reduces the probability of electrical shorts 
betWeen the conductive patterns, Which is a groWing con 
cern as the density of microelectronic circuitry included in 
a semiconductor device is progressively increased. 

Chemical mechanical polishing (CMP) is a Well-accepted 
technique to planariZe a layer of a semiconductor Wafer 
during the fabrication process by chemically and mechani 
cally removing uneven topographic features of the Wafer. A 
conventional CMP technique involves polishing the surface 
of a Wafer With a rotating polishing pad using a slurry of 
colloidal particles in an aqueous solution. The slurry pro 
motes planariZation of the Wafer surface by producing a 
chemical reaction With the Wafer surface and by providing 
abrasives to “grind” the Wafer surface With the polishing 
pad. 
A common conventional CMP system utiliZes a single 

Wafer carrier and a single polishing pad to polish one 
semiconductor Wafer at a time. HoWever, CMP systems have 
been developed that can simultaneously polish multiple 
semiconductor Wafers on one or more polishing pads to 
increase throughput. US. Pat. No. 5,498,199 to Karlsrud et 
al. describes a CMP apparatus that utiliZes a multi-head 
Wafer polish assembly With ?ve Wafer carriers to simulta 
neously polish ?ve multiple semiconductor Wafers on a 
single large polishing pad. In operation, ?ve semiconductor 
Wafers are sequentially placed on ?ve loading cups of an 
indeX table, Which is situated adjacent to the polishing pad. 
When all of the semiconductor Wafers are in place, the 
loading cups are raised to attach the Wafers onto the Wafer 
carriers of the multi-head Wafer polish assembly, Which are 
positioned over the loading cups. The multi-head Wafer 
polish assembly is then moved to the polishing pad, Where 
all ?ve semiconductor Wafers are polished on the polishing 
pad. After the polishing, the multi-head Wafer polish assem 
bly is transferred back to the indeX table, Where the polished 
semiconductor Wafers are placed on ?ve unloading cups of 
the indeX table. The loading cups and the unloading cups are 
situated on the indeX table in an alternating fashion, forming 
a circle of ten loading/unloading cups. The polished semi 
conductor Wafers are then sequentially unloaded from the 
unloading cups. 

Adisadvantage of the CMP apparatus of Karlsrud et al. is 
that a signi?cant amount of time is required to sequentially 
load neW semiconductor Wafers onto the loading cups before 
the Wafers can be polished. During this period, the polishing 
pad remains idle. In addition, similar amount of time is 
required to sequentially unload polished semiconductor 
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2 
Wafers from the unloading cups. Thus, the polishing process 
of the CMP apparatus of Karlsrud et al. includes substantial 
idle periods, Which potentially decreases the throughput of 
the apparatus. Furthermore, the indeX table of the loading 
and unloading cups occupies a signi?cant amount of space, 
Which increases the footprint of the CMP apparatus. 
US. Pat. No. 5,738,574 to Tolles et al. describes a CMP 

apparatus that can simultaneously polish three semiconduc 
tor Wafers using multiple polishing pads. The CMP appara 
tus of Tolles et al. includes three polishing stations and a 
Wafer transfer station, Which are located at different quad 
rants about a rotational aXis. Each polishing station includes 
a single polishing pad to polish a semiconductor Wafer. The 
apparatus also includes four Wafer carriers that are sus 
pended from a carousel. The carousel is con?gured to rotate 
the Wafer carriers such that each Wafer carrier can be 
sequentially positioned at each of the four stations. In 
operation, the three semiconductor Wafers on the Wafer 
carriers positioned at the three polishing stations are pol 
ished by the polishing pads at the polishing stations. During 
this period, the semiconductor Wafer on the Wafer carrier 
positioned at the Wafer transfer station is unloaded and a neW 
semiconductor Wafer is loaded onto that Wafer carrier. After 
a prede?ned polishing period, the Wafer carriers are rotated 
such that each Wafer carrier is positioned at a subsequent 
station. Once the Wafer carriers are properly positioned, the 
three semiconductor Wafers at the polishing stations are 
polished, While the fourth semiconductor Wafer at the trans 
fer station is unloaded and a neW semiconductor Wafer is 
loaded. In this fashion, semiconductor Wafers can be con 
tinuously processed by the apparatus such that each semi 
conductor Wafer is sequentially polished at the three polish 
ing stations. 

Another CMP apparatus that can simultaneously polish 
multiple semiconductor Wafers using multiple polishing 
pads is described in US. Pat. No. 6,136,715 to Shendon et 
al. The CMP apparatus of Shendon et al. includes a ?rst 
polishing station, a second polishing station and a Wafer 
transfer station. The ?rst polishing station includes a large 
polishing pad, While the second polishing station includes a 
smaller polishing pad. The apparatus also includes multiple 
Wafer carriers that are suspended from a rotatable carousel. 
In one embodiment, the apparatus includes four Wafer 
carriers. The carousel is con?gured to rotate the Wafer 
carriers such that each Wafer carrier can be sequentially 
positioned at four locations. TWo of the four locations 
coincide With the transfer station and the second polishing 
station. The remaining tWo locations are both at the ?rst 
polishing station. In operation, the three semiconductor 
Wafers on the Wafer carriers positioned at the tWo polishing 
stations are polished by the tWo polishing pads at the 
polishing stations. Thus, tWo Wafers are polished at the ?rst 
polishing station. During this period, the semiconductor 
Wafer on the Wafer carrier positioned at the Wafer transfer 
station is unloaded and a neW semiconductor Wafer is loaded 
onto that Wafer carrier. After a prede?ned polishing period, 
the Wafer carriers are rotated such that each Wafer carrier is 
positioned at a subsequent location. Once the Wafer carriers 
are properly positioned, the three semiconductor Wafers at 
the polishing stations are polished, While the fourth semi 
conductor Wafer at the transfer station is unloaded and a neW 
semiconductor Wafer is loaded. This cycle is repeated to 
sequentially polishing additional semiconductor Wafers. 
A concern With the above-described CMP apparatuses 

With multiple polishing pads is that the time required to 
unload a polished semiconductor Wafer and then to load a 
neW semiconductor Wafer at the Wafer transfer station is 
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typically shorter in duration than the polishing time at the 
polishing stations. Thus, the neW semiconductor Wafer must 
remain idle until end of the polishing time. Consequently, 
valuable processing time is Wasted at the transfer station for 
each semiconductor Wafer to be polished. 

In vieW of the above concerns, there is a need for an 
apparatus and method for chemically and mechanically 
polishing semiconductor Wafers that provides increased effi 
ciency and reduced footprint for the apparatus. 

SUMMARY OF THE INVENTION 

A chemical mechanical polishing (CMP) apparatus and 
method for polishing semiconductor Wafers utiliZes multiple 
Wafer carriers to polish a corresponding number of semi 
conductor Wafers on a single polishing pad in parallel. In one 
embodiment, the Wafer carriers are used to transfer semi 
conductor Wafers betWeen one or more Wafer transfer sta 

tions and the polishing pad. In other embodiments, one or 
more Wafer transfer arms are used to transfer the semicon 
ductor Wafers betWeen the Wafer transfer station(s) and the 
Wafer carriers. The CMP apparatus is con?gured to sequen 
tially process semiconductor Wafers to increase the through 
put of the apparatus. In addition, the components of the CMP 
apparatus are arranged such that the footprint of the appa 
ratus is minimiZed. 

A CMP apparatus in accordance With the invention 
includes an object transfer station that is con?gured to 
sequentially receive objects, a polishing pad having a pol 
ishing surface to polish the objects, and a transferring 
mechanism for sequentially transferring the objects betWeen 
the object transfer station and the polishing pad to exclu 
sively polish the objects on the polishing pad. The transfer 
ring mechanism is con?gured to transfer at least tWo current 
objects from the object transfer station to different locations 
of the polishing pad such that the tWo current objects can be 
simultaneously polished on the polishing surface of the 
polishing pad. 

The CMP apparatus may further include a pad condition 
ing system. The pad conditioning system includes a ?rst pad 
conditioner and a second pad conditioner that are con?gured 
to selectively engage the polishing surface of the polishing 
pad to condition the polishing pad. In an embodiment, the 
CMP apparatus further includes an object unload station that 
is vertically positioned With respect to the object transfer 
station. The object unload station is con?gured to exclu 
sively receive the objects that have been polished. 

In one embodiment, the transferring mechanism includes 
a ?rst object carrier and a second object carrier that are each 
con?gured to secure one of the objects to be polished. In this 
embodiment, the transferring mechanism may further 
include a ?rst mechanical arm that is connected to the ?rst 
object carrier and a second mechanical arm that is connected 
to the second object carrier. The ?rst mechanical arm is 
con?gured to transfer the ?rst object carrier betWeen the 
object transfer station and the polishing pad, While the 
second mechanical arm is con?gured to transfer the second 
object carrier betWeen the object transfer station and the 
polishing pad. 

In other embodiments, the CMP apparatus includes ?rst 
and second object carriers that are positioned about the 
polishing surface of the polishing pad to engage the polish 
ing surface of the polishing pad. Each of the ?rst and second 
object carriers is con?gured to secure one of the objects to 
be polished. In these embodiments, the transferring mecha 
nism may include an object transfer arm that is con?gured 
to transfer some of the objects betWeen the object transfer 
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4 
station and the ?rst object carrier and to transfer some of the 
objects betWeen the object transfer station and the second 
object carrier. Alternatively, the transferring mechanism 
may include a ?rst object transfer arm and a second object 
transfer arm. The ?rst object transfer arm is con?gured to 
exclusively transfer some of the objects betWeen the object 
transfer station and the ?rst object carrier, While the second 
object transfer arm is con?gured to exclusively transfer 
some of the objects betWeen the object transfer station and 
the second object carrier. 
A method of polishing surfaces of objects in accordance 

With the invention includes the steps of sequentially receiv 
ing a ?rst object and a second object at an object transfer 
station, sequentially transferring the ?rst and second objects 
from the object transfer station to different locations on a 
polishing surface of a polishing pad, exclusively polishing 
the ?rst and second objects on the polishing surface of the 
polishing pad, and sequentially outputting the ?rst and 
second objects that have been polished on the polishing 
surface of the polishing pad. 
The method may include a step of conditioning the 

polishing pad using a ?rst pad conditioner and a second pad 
conditioner. In an embodiment, the step of conditioning the 
polishing pad includes selectively scanning the polishing 
surface of the polishing pad With only one of the ?rst and 
second pad conditioners. 

In one embodiment, the step of sequentially transferring 
the ?rst and second objects includes directly transferring the 
?rst and second objects from the object transfer station to the 
different locations on the polishing surface of the polishing 
pad using a ?rst object carrier and a second object carrier. In 
other embodiments, the step of sequentially transferring the 
?rst and second objects includes transferring the ?rst object 
from the object transfer station to a ?rst object carrier and 
transferring the second object from the object transfer sta 
tion to a second object carrier. In these other embodiments, 
the ?rst and second object carriers are positioned about the 
polishing surface of the polishing pad. In one embodiment 
of the other embodiments, the step of transferring the ?rst 
object from the object transfer station to the ?rst object 
carrier and the step of transferring the second object from the 
object transfer station to the second object carrier are per 
formed by a single object transfer arm. In another embodi 
ment of the other embodiments, the step of transferring the 
?rst object from the object transfer station to the ?rst object 
carrier is performed by a ?rst object transfer arm and the step 
of transferring the second object from the object transfer 
station to the second object carrier is performed by a second 
object transfer arm. In these other embodiments, the step of 
sequentially outputting the ?rst and second objects may 
include transferring the ?rst and second objects to an object 
unload station, Which is vertically positioned With respect to 
the object transfer station. 

Other aspects and advantages of the present invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings, 
illustrated by Way of example of the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top vieW of a chemical mechanical polishing 
(CMP) apparatus in accordance With a ?rst embodiment of 
the present invention. 

FIG. 2 is a side vieW of the CMP apparatus of FIG. 1. 
FIG. 3 is a top vieW of a CMP apparatus in accordance 

With a second embodiment of the invention. 
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FIG. 4 is side vieW of the CMP apparatus of FIG. 3. 
FIG. 5 is a perspective vieW of the CMP apparatus in 

accordance With an alternative second embodiment of the 
invention. 

FIG. 6 is top vieW of a CMP apparatus in accordance With 
a third embodiment of the invention. 

FIG. 7 is a process How diagram of a method of polishing 
surfaces of semiconductor Wafers in accordance With the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to FIGS. 1 and 2, a CMP apparatus 100 in 
accordance With a ?rst embodiment of the present invention 
is shoWn. FIG. 1 is a top vieW of the CMP apparatus, While 
FIG. 2 is a side vieW of the CMP apparatus. The CMP 
apparatus operates to process tWo semiconductor Wafers in 
parallel such that approximately tWice as many semicon 
ductor Wafers can be polished as compared to a conventional 
CMP apparatus that sequentially processes semiconductor 
Wafers one Wafer at a time. HoWever, the CMP apparatus 
100 is designed such that footprint of the apparatus is only 
nominally increased. 

The CMP apparatus 100 utiliZes a single polishing pad 
102 that can accommodate tWo Wafer carriers 104A and 
104B. Thus, tWo semiconductor Wafers W can be simulta 
neously polished on different locations of the polishing 
surface of the polishing pad using the tWo Wafer carriers, as 
illustrated in FIG. 2. The polishing pad is situated on a 
rotatable base 202, as shoWn in FIG. 2. Thus, the polishing 
pad can be rotated by the rotatable base. The polishing pad 
may be any type of polishing pad that can be used to polish 
a surface of a semiconductor Wafer. As an example, the 
polishing pad may be of the type that contains abrasive 
particles on the pad surface. 

The Wafer carriers 104A and 104B of the CMP apparatus 
100 are connected to mechanical arms 106A and 106B, 
respectively, that can sequentially move the Wafer carriers 
betWeen the polishing pad 102 and a Wafer unload/load 
transfer station 108. As shoWn in FIG. 2, the mechanical arm 
106A comprises an arm frame 204A, a rotational-and 
vertical drive mechanism 206A, and an arm shaft 208A. The 
arm shaft 208A connects the Wafer carrier 104A to the 
rotational-and-vertical drive mechanism 206A, Which is 
attached to the arm frame 204A. The rotational-and-vertical 
drive mechanism 206A is con?gured to rotate the Wafer 
carrier 204A by rotating the arm shaft 208A. Furthermore, 
the rotational-and-vertical drive mechanism 206A is con?g 
ured to raise and loWer the Wafer carrier 204Aby moving the 
arm shaft 208A along the vertical direction, as indicated by 
the arroW 210A. Thus, the rotational-and-vertical drive 
mechanism 208A is able to control the pressure being 
applied on the polishing pad 102 by the semiconductor 
Wafer W on the Wafer carrier 104A. The arm frame 204A of 
the mechanical arm 106A is connected to an arm control 
mechanism 212A, Which is con?gured to pivot the arm 
frame about a ?xed axis 110A, as shoWn in FIG. 1. Thus, the 
arm control mechanism 210A controls the lateral positioning 
of the Wafer carrier 104A by pivoting the arm frame 204A. 

The mechanical arm 106B also comprises an arm frame 
204B, a rotational-and-vertical drive mechanism 206B and 
an arm shaft 208B that are connected in the same manner as 

the corresponding components of the mechanical arm 106A. 
Similar to the mechanical arm 106A, the rotational-and 
vertical drive mechanism 206B of the mechanical arm 106B 
is con?gured to rotate the Wafer carrier 204B by rotating the 
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6 
arm shaft 208B, and is also con?gured to raise and loWer the 
Wafer carrier 204B by moving the arm shaft 208B along the 
vertical direction, as indicated by the arroW 210B. 
Furthermore, the arm frame 204B of the mechanical arm 
106B is connected to an arm control mechanism 212B, 
Which is con?gured to pivot the arm frame 204B about a 
?xed axis 110B, as shoWn in FIG. 1. Thus, the arm control 
mechanism 212B controls the lateral positioning of the 
Wafer carrier 104B by pivoting the arm frame 204B. 

Since the Wafer carriers 104A and 104B are attached to 
different mechanical arms 106A and 106B, each of the Wafer 
carriers can be independently manipulated. Thus, each of the 
Wafer carriers can be independently transferred betWeen the 
Wafer unload/load transfer station 108 and the polishing pad 
102, as long as the other Wafer carrier is not in the path of 
the moving Wafer carrier. In addition, each of the Wafer 
carriers can also be independently raised and loWered to 
selectively engage the Wafer unload/load transfer station or 
the polishing pad. Furthermore, each of the Wafer carriers 
can be independently rotated to individually polish semi 
conductor Wafers. 
The Wafer unload/load transfer station 108 of the CMP 

apparatus 100 is con?gured to accommodate one semicon 
ductor Wafer at a time. The Wafer unload/load transfer 
station operates to sequentially receive semiconductor 
Wafers to be polished, for example, from a supply of 
semiconductor Wafers (not shoWn). These semiconductor 
Wafers are then sequentially transferred to the polishing pad 
102 for polishing by the Wafer carriers 104A and 104B. The 
polished semiconductor Wafers are sequentially returned to 
the Wafer unload/load transfer station by the Wafer carriers, 
Where the polished Wafers are then transmitted to the next 
destination, for example, a post-CMP cleaning system (not 
shoWn). Thus, the Wafer unload/load transfer station oper 
ates as both the ingress and the egress for the CMP appa 
ratus. 

Turning back to FIG. 1, the CMP apparatus 100 further 
includes a pad conditioning system 112. The pad condition 
ing system includes a pair of pad conditioners 114A and 
114B that are connected to arms 116A and 116B. The 
underlying surfaces of the pad conditioners may include 
knoWn pad conditioner material, such as embedded diamond 
particulates or plastic bristles, to deglaZe the surface of the 
polishing pad 102. The arms of the pad conditioning system 
are connected to a drive mechanism 118, Which controls the 
independent lateral movements of the arms across the sur 
face of the polishing pad. Thus, each of the pad conditioners 
can be independently scanned over the surface of the pol 
ishing pad to condition the polishing pad. The drive mecha 
nism also independently controls the vertical movements of 
the arms to ensure that sufficient pressure on the polishing 
pad is being applied by the pad conditioners 114A and 114B 
for pad conditioning. The pad conditioning system also 
includes rotational drive mechanisms (not shoWn) that are 
connected to the pad conditioners to independently rotate the 
pad conditioners during pad conditioning. 

In operation, one of the pad conditioners 114A and 114 is 
selected to condition the polishing pad 102. If the Wafer 
carrier 104A is moved to the Wafer unload/load transfer 
station 108, then the pad conditioner 114A is selected. 
HoWever, if the Wafer carrier 104B is moved to the Wafer 
unload/load transfer station, then the pad conditioner 114B 
is selected. The drive mechanism 118 of the pad condition 
ing system 112 pivots the arm 116 that is attached to the 
selected pad conditioner, e.g., the pad conditioner 114A, so 
that the pad conditioner is laterally moved across the pol 
ishing pad, as illustrated in FIG. 1. When the selected pad 
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conditioner is positioned over the polishing pad, the drive 
mechanism may also lower the pad conditioner to ensure 
that sufficient pressure is being applied onto the polishing 
pad by the pad conditioner for proper conditioning. After the 
polishing pad is conditioned by the selected pad conditioner, 
the above-described operation is repeated to condition the 
polishing pad With the other pad conditioner, e.g., the pad 
conditioner 114B. 
As shoWn in FIG. 2, the CMP apparatus 100 also includes 

a microcontroller 214 that is connected to the arm control 
mechanisms 212A and 212B. The microcontroller controls 
the arm control mechanisms, as Well as the rotational-and 
vertical drive mechanisms 206A and 206B of the mechanical 
arms 106A and 106B. Thus, the microcontroller is able to 
control the lateral and vertical movements of the Wafer 
carriers 104A and 104B and the rotational speeds of the 
Wafer carriers. The microcontroller may also control the 
rotation of the polishing pad 102 and the operation of the pad 
conditioning system 112. 

The Wafer processing operation of the CMP apparatus 100 
is noW described. Initially, the Wafer carriers 104A and 104B 
may be positioned over the polishing pad 102, as illustrated 
by the Wafer carrier 104B in FIG. 1. The Wafer processing 
operation begins When a ?rst semiconductor Wafer is 
received at the Wafer unload/load transfer station 108 from 
an external source, e.g., a Wafer cassette. The ?rst semicon 
ductor Wafer may be transmitted to the Wafer unload/load 
transfer station using any conventional method, such as a 
Wafer transfer arm for transporting a semiconductor Wafer. 
Next, one of the mechanical arms 106A and 106B, e.g., the 
mechanical arm 106A, is pivoted by the arm control mecha 
nism 212A to position the Wafer carrier 104A over the Wafer 
unload/load transfer station. The Wafer carrier 104A is then 
loWered by the rotational-and-vertical drive mechanism 
206A of the mechanical arm 106A to secure the ?rst semi 
conductor Wafer onto the bottom of the Wafer carrier. As an 
example, the ?rst semiconductor Wafer may be secured to 
the Wafer carrier 104A using a vacuum. The Wafer carrier 
104A is then raised along With the ?rst semiconductor Wafer 
and transferred back to the polishing pad 102, Where the ?rst 
semiconductor Wafer is polished. The ?rst semiconductor 
Wafer is polished by engaging the ?rst semiconductor Wafer 
to the surface of the polishing pad, during Which the Wafer 
is rotated by the Wafer carrier 104A and the polishing pad is 
rotated by the rotatable base 202. 

After the ?rst semiconductor Wafer is removed from the 
Wafer unload/load transfer station 108 by the Wafer carrier 
104A, a second semiconductor Wafer is received at the Wafer 
unload/load transfer station. The other mechanical arm, e.g., 
the mechanical arm 106B, is then pivoted by the arm control 
mechanism 212B to position the Wafer carrier 104B over the 
Wafer unload/load transfer station. The mechanical arm 
106B is pivoted When the Wafer carrier 104A is positioned 
over the polishing pad 102 to ensure that the Wafer carriers 
104A and 104B do not collide While being transferred 
betWeen the Wafer unload/load transfer station and the 
polishing pad. The Wafer carrier 104B is then loWered by the 
rotational-and-vertical drive mechanism 206B of the 
mechanical arm 106B to secure the second semiconductor 
Wafer onto the bottom of the carrier. The Wafer carrier 104B 
is then raised along With the second semiconductor Wafer 
and transferred back to the polishing pad, Where the second 
semiconductor Wafer is simultaneously polished on the 
polishing pad along With the ?rst semiconductor Wafer. 

The ?rst and second semiconductor Wafers are polished 
on the polishing pad 102 for a prede?ned polishing period. 
HoWever, the polishing of the ?rst semiconductor wafer 

10 

15 

25 

35 

45 

55 

65 

8 
begins prior to the polishing of the second semiconductor 
Wafer. Thus, the polishing period for the ?rst Wafer is 
terminated before the polishing period for the second Wafer. 
At the end of the polishing period, the ?rst semiconductor 
Wafer is removed from the polishing pad and transferred 
back to the Wafer unload/load transfer station 108 by later 
ally moving the Wafer carrier 104A from the polishing pad 
to the Wafer unload/load transfer station using the pivoting 
motion of the mechanical arm 106A. The polished ?rst 
semiconductor Wafer is then placed on the Wafer unload/load 
transfer station, Where the polished Wafer is removed and 
transmitted to the next destination, for example, a post-CMP 
cleaning system (not shoWn). After the polished ?rst semi 
conductor Wafer is removed from the Wafer unload/load 
transfer station, a third semiconductor Wafer to be polished 
is received at the Wafer unload/load transfer station. The 
third semiconductor Wafer is then picked up by the Wafer 
carrier 104A and processed in the same manner as the ?rst 
semiconductor Wafer. 
At the end of the polishing period for the second semi 

conductor Wafer, the second Wafer is removed from the 
polishing pad 102 and transferred back to the Wafer unload/ 
load transfer station 108 by moving the Wafer carrier 104B 
from the polishing pad to the Wafer unload/load transfer 
station using the pivoting motion of the mechanical arm 
106B. The polished second semiconductor Wafer is then 
placed on the Wafer unload/load transfer station, Where the 
polished Wafer is removed and transmitted to the next 
destination. After the polished second semiconductor Wafer 
is removed from the Wafer unload/load transfer station, a 
fourth semiconductor Wafer to be polished is received at the 
Wafer unload/load transfer station. The fourth semiconduc 
tor Wafer is then picked up by the Wafer carrier 104B and 
processed in the same manner as the second semiconductor 
Wafer. In this fashion, the CMP apparatus 100 can continu 
ally process tWo semiconductor Wafers in a parallel manner. 

Concurrent to the processing of the semiconductor 
Wafers, the polishing pad 102 is conditioned by the pad 
conditioning system 112. When the Wafer carrier 104A is 
transferred to the Wafer unload/load transfer station 108, the 
pad conditioner 114A is sWept across the polishing pad to 
condition the pad, as illustrated in FIG. 1. Similarly, When 
the Wafer carrier 104B is transferred to the Wafer unload/ 
load transfer station, the pad conditioner 114B is sWept 
across the polishing pad to condition the pad. The polishing 
pad may be conditioned each time one of the Wafer carriers 
is transferred to the Wafer unload/load transfer station. 
Alternatively, the polishing pad may be conditioned less 
frequently. The frequency of the pad conditioning by the pad 
conditioners may be adjusted as needed. 

Turning noW to FIGS. 3 and 4, a CMP apparatus 300 in 
accordance With a second embodiment of the invention is 
shoWn. FIG. 3 is a top vieW of the CMP apparatus 300, While 
FIG. 4 is a side vieW of the apparatus. Similar to the CMP 
apparatus 100 of FIGS. 1 and 2, the CMP apparatus 300 
includes the Wafer unload/load transfer station 108, the 
Wafer carriers 104A and 104B, the polishing pad 102 and the 
pad conditioning system 112. HoWever, in this embodiment, 
the Wafer carriers are held in position over the polishing pad 
and cannot be transferred betWeen the polishing pad and the 
Wafer unload/load transfer station. Thus, the CMP apparatus 
300 includes Wafer transfer arms 302A and 302B that can 
transfer semiconductor Wafers betWeen the Wafer unload/ 
load transfer station and the Wafer carriers, as illustrated in 
FIG. 3. The Wafer transfer arms are attached to the arm 
control mechanisms 212A and 212B, Which move the Wafer 
transfers arms to carry semiconductor Wafers betWeen the 
Wafer unload/load transfer station and the Wafer carriers. 
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As shown in FIG. 4, the Wafer carrier 104A is attached to 
an arm shaft 402A, Which is connected to a rotational-and 
vertical drive mechanism 404A. The rotational-and-vertical 
drive mechanism is con?gured to rotate the attached Wafer 
carrier 104A by rotating the arm shaft 402A. Furthermore, 
the rotational-and-vertical drive mechanism 404A is con?g 
ured to raise and loWer the attached Wafer carrier 104A by 
moving the arm shaft 402A along the vertical direction. The 
rotational-and-vertical drive mechanism 404A is connected 
to a rail 406A, Which is attached to an upper surface 408. 
The upper surface may be the housing of the CMP apparatus 
300. The rail 406A is operatively connected to a lateral drive 
mechanism 410A, Which translates the rotational-and 
vertical drive mechanism 404A, the arm shaft 402A and the 
Wafer carrier 104A along the rail 406A. Thus, the lateral 
drive mechanism 410A is able to laterally oscillate the Wafer 
carrier 104A during polishing of a semiconductor Wafer. The 
Wafer carrier 104B is similarly connected to an arm shaft 
402B, a rotational-and-vertical drive mechanism 404B, a rail 
406B and a lateral drive mechanism 410B. Since the Wafer 
carriers 104A and 104B are attached to different 
mechanisms, each of the Wafer carriers can be independently 
raised and loWered to engage the polishing pad, and can also 
be independently rotated to individually polish semiconduc 
tor Wafers. 

The Wafer processing operation of the CMP apparatus 300 
is similar to the Wafer processing operation of the CMP 
apparatus 100 of FIGS. 1 and 2. Initially, the Wafer transfer 
arms 302A and 302B may be positioned aWay from the 
Wafer unload/load transfer station 108, as illustrated by the 
Wafer transfer arm 302A in FIG. 3. The Wafer processing 
operation begins When a ?rst semiconductor Wafer is 
received at the Wafer unload/load transfer station from an 
external source, e.g., a Wafer cassette. Next, one of the Wafer 
transfer arms, e.g., the Wafer transfer arm 302A, is moved by 
the associated arm control mechanism 212A to transfer the 
?rst semiconductor Wafer from the Wafer unload/load trans 
fer station 108 to the Wafer carrier 104A. The ?rst semicon 
ductor Wafer is then secured on the bottom of the Wafer 
carrier 104A and polished on the polishing pad 102. As an 
example, the ?rst semiconductor Wafer may be secured to 
Wafer carrier 104A using a vacuum. The ?rst semiconductor 
is polished by loWering the Wafer carrier 104A to engage the 
?rst semiconductor Wafer to the surface of the polishing pad, 
during Which the Wafer is rotated by the Wafer carrier 104A 
and the polishing pad is rotated by the rotatable base 202. 

After the ?rst semiconductor Wafer is removed from the 
Wafer unload/load transfer station 108 by the Wafer transfer 
arm 302A, a second semiconductor Wafer is received at the 
Wafer unload/load transfer station. The other Wafer transfer 
arm, e.g., the Wafer transfer arm 302B, is then moved by the 
arm control mechanism 212B to transfer the second semi 
conductor Wafer from the Wafer unload/load transfer station 
to the Wafer carrier 104B. The second semiconductor Wafer 
is then secured on the bottom of the Wafer carrier 104B and 
polished on the polishing pad in the same manner as 
described above With respect to the ?rst semiconductor 
Wafer. 

Similar to the Wafer processing operation of the CMP 
apparatus 100 of FIGS. 1 and 2, the ?rst and second 
semiconductor Wafers are polished on the polishing pad 102 
for a prede?ned polishing period. HoWever, the polishing of 
the ?rst semiconductor Wafer begins prior to the polishing of 
the second semiconductor Wafer. Thus, the polishing period 
for the ?rst semiconductor Wafer is terminated before the 
polishing period for the second semiconductor Wafer. At the 
end of the polishing period, the ?rst semiconductor Wafer is 
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removed from the polishing pad by raising the Wafer carrier 
104A, and is then transferred from the Wafer carrier 104A 
back to the Wafer unload/load transfer station 108 by the 
Wafer transfer arm 302A. The polished ?rst semiconductor 
Wafer is then placed on the Wafer unload/load transfer 
station, Where the polished Wafer is removed and transmitted 
to the next destination. After the polished ?rst semiconduc 
tor Wafer is removed from the Wafer unload/load transfer 
station, a third semiconductor Wafer to be polished is 
received at the Wafer unload/load transfer station. The third 
semiconductor Wafer is then transferred from the Wafer 
unload/load transfer station to the Wafer carrier 104A by the 
Wafer transfer arm 302A and processed in the same manner 
as the ?rst semiconductor Wafer. 
At the end of the polishing period for the second 

semiconductor, the second Wafer is removed from the pol 
ishing pad 102 by raising the Wafer carrier 104B, and is then 
transferred back to the Wafer unload/load transfer station 
108 by the Wafer transfer arm 302B. The polished second 
semiconductor Wafer is then placed on the Wafer unload/load 
transfer station, Where the polished Wafer is removed and 
transmitted to the next destination. After the polished second 
semiconductor Wafer is removed from the Wafer unload/load 
transfer station, a fourth semiconductor Wafer to be polished 
is received at the Wafer unload/load transfer station. The 
fourth semiconductor Wafer is transferred to the Wafer 
carrier 104B by the Wafer transfer arm 302B and processed 
in the same manner as the second semiconductor Wafer. In 
this fashion, the CMP apparatus 300 continually processes 
tWo semiconductor Wafers in a parallel manner. 

Similar to the CMP apparatus 100 of the ?rst 
embodiment, the polishing pad 102 is conditioned by the pad 
conditioning system 112 of the CMP apparatus 300 during 
the Wafer processing operation. When the Wafer carrier 
104A is being loaded With a semiconductor Wafer to be 
polished, the pad conditioner 114A is sWept across the 
polishing pad 102 to condition the pad, as illustrated in FIG. 
4. Similarly, When the Wafer carrier 104B is being loaded 
With a semiconductor Wafer to be polished, the pad condi 
tioner 114B is sWept across the polishing pad to condition 
the pad. The polishing pad may be conditioned each time 
one of the Wafer carriers is being loaded With a neW 
semiconductor Wafer. Alternatively, the polishing pad may 
be conditioned less frequently. The frequency of the pad 
conditioning by the pad conditioners may be adjusted as 
needed. 

In an alternative second embodiment, the CMP apparatus 
300 includes tWo Wafer transfer stations 502 and 504, as 
illustrated in FIG. 5, instead of the single Wafer unload/load 
transfer station 108. The Wafer transfer station 502 is used 
exclusively as a Wafer load station. Thus, only semiconduc 
tor Wafers that are to be polished by the CMP apparatus 300 
are received at the Wafer transfer station 502. The received 
semiconductor Wafers are then carried to the Wafer carriers 
104A and 104B by the Wafer transfer arms 302A and 302B 
(not shoWn in FIG. 5) for polishing. In contrast, the Wafer 
transfer station 504 is used exclusively as a Wafer unload 
station. Thus, only semiconductor Wafers that have been 
polished by the CMP apparatus 300 are received at the Wafer 
transfer station 502. These polished semiconductor Wafers 
are then removed from the Wafer transfer station 504 and 
transferred to the next destination. 
As shoWn in FIG. 5, the Wafer transfer stations 502 and 

504 are vertically positioned such that the Wafer transfer 
station 502 is situated directly above the Wafer transfer 
station 504. HoWever, the positions of these Wafer transfer 
stations may be reversed. The con?guration of the Wafer 
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transfer stations 502 and 504 ensures that the footprint of the 
CMP apparatus 300 is minimized. 

Turning noW to FIG. 6, a CMP apparatus 600 in accor 
dance With a third embodiment of the invention is shoWn. 
The CMP apparatus 600 is similar to the CMP apparatus 300 
of the second embodiment in that the Wafer carriers 104A 
and 104B are held in position over the polishing pad 102. 
HoWever, the CMP apparatus 600 utiliZes a single Wafer 
transfer arm 602 to transfer semiconductor Wafers betWeen 
the Wafer unload/load transfer station 108 and the Wafer 
carriers 104A and 104B, as illustrated in FIG. 6. Thus, the 
Wafer transfer arm 602 of the CMP apparatus 600 performs 
the functions of both Wafer transfer arms 302A and 302B of 
the CMP apparatus 300 of FIGS. 3 and 4. 

The Wafer processing operation of the CMP apparatus 600 
is similar to the Wafer processing operation of the CMP 
apparatus 300. The only signi?cant difference betWeen the 
tWo Wafer processing operations is that the CMP apparatus 
600 utiliZes a single Wafer transfer arm, i.e., the Wafer 
transfer arm 602, to transfer semiconductor Wafers betWeen 
the Wafer unload/load transfer station 108 and the Wafer 
carrier 104A and to transfer semiconductor Wafers betWeen 
the Wafer unload/load transfer station and the Wafer carrier 
104B. 

Similar to the CMP apparatus 300 of FIGS. 3 and 4, the 
CMP apparatus 600 may include the vertically positioned 
Wafer transfer stations 502 and 504, instead of the single 
Wafer unload/load transfer station 108. Thus, in this 
arrangement, only semiconductor Wafers that are to be 
polished by the CMP apparatus 600 are received at the Wafer 
transfer station 502. The received semiconductor Wafers are 
then carried to the Wafer carriers 104A and 104B by the 
Wafer transfer arm 602 for polishing. In addition, only 
semiconductor Wafers that have been polished by the CMP 
apparatus 600 are received at the Wafer transfer station 502. 
These polished semiconductor Wafers are then removed 
from the Wafer transfer station 504 and transferred to the 
next destination. In an alternative con?guration, the Wafer 
transfer stations 502 and 504 may be horiZontally positioned 
such that the upper surfaces of the Wafer transfer stations are 
substantially planar. 
A method of polishing surfaces of semiconductor Wafers 

in accordance With the present invention is described With 
reference to FIG. 7. At step 702, ?rst and second semicon 
ductor Wafers are sequentially received at a Wafer transfer 
station. Next, at step 704, the ?rst and second semiconductor 
Wafers are sequentially transferred from the Wafer transfer 
station to different locations on the polishing surface of a 
polishing pad. In one embodiment, the ?rst and second 
semiconductor Wafers are transferred from the Wafer transfer 
station to the polishing pad by Wafer carriers. In another 
embodiment, the ?rst and second semiconductor Wafers are 
transferred from the Wafer transfer station to the polishing 
pad in tWo stages. During the ?rst stage, the ?rst and second 
semiconductor Wafers are sequentially transferred from the 
Wafer transfer station to the Wafer carriers by one or more 
Wafer transfer arms. In this embodiment, the Wafer carriers 
are held over the polishing pad and cannot be moved 
betWeen the Wafer transfer station and the polishing pad. 
During the second stage, the ?rst and second semiconductor 
Wafers are loWered to the polishing surface of the polishing 
pad by the Wafer carriers. At step 706, the ?rst and second 
semiconductor Wafers are polished on the polishing surface 
of the polishing pad. Next, at step 708, the polished ?rst and 
second semiconductor Wafers are sequentially output. In one 
embodiment, the polished ?rst and second semiconductor 
Wafers are transferred back to the original Wafer transfer 
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station. In another embodiment, the polished ?rst and second 
semiconductor Wafers are transferred to a different Wafer 
transfers station, Which is vertically positioned With respect 
to the original Wafer transfer station. If additional semicon 
ductor Wafers are received at the original Wafer transfer 
station, steps 702 through 708 are repeated for the next tWo 
semiconductor Wafers. 
What is claimed is: 
1. An apparatus for polishing surfaces of objects com 

prising: 
an object transfer station that is con?gured to sequentially 

receive said objects; 
a polishing pad having a polishing surface to polish said 

objects; and 
means for sequentially transferring said objects betWeen 

said object transfer station and said polishing pad to 
exclusively polish said objects on said polishing pad, 
said sequentially transferring means being con?gured 
to transfer at least tWo current objects of said objects 
from said object transfer station to different locations 
on said polishing pad such that said tWo current objects 
can be simultaneously polished on said polishing sur 
face of said polishing pad, said sequentially transfer 
ring means including a ?rst object carrier and a second 
object carrier, each of said ?rst and second object 
carriers being con?gured to secure one of said objects 
to be polished, said sequentially transferring means 
further including a ?rst mechanical arm that is con 
nected to said ?rst object carrier and a second mechani 
cal arm that is connected to said second object carrier, 
said ?rst mechanical arm being con?gured to transfer 
said ?rst object carrier betWeen said object transfer 
station and said polishing pad, said second mechanical 
arm being con?gured to transfer said second object 
carrier betWeen said object transfer station and said 
polishing pad, said ?rst and second mechanical arms 
being con?gured to independently pivot about ?xed 
axes to transfer said ?rst and second object carriers 
betWeen said object transfer station and said polishing 
pad. 

2. The apparatus of claim 1 Wherein said ?rst and second 
mechanical arms are con?gured to rotate said ?rst and 
second object carriers. 

3. The apparatus of claim 2 Wherein said ?rst and second 
mechanical arms are con?gured to rotate said ?rst and 
second object carriers at independent rotational speeds. 

4. The apparatus of claim 1 Wherein said ?rst and second 
mechanical arms are con?gured to move said ?rst and 
second object carriers along a vertical direction that is 
substantially perpendicular to said polishing surface of said 
polishing pad. 

5. The apparatus of claim 4 Wherein said ?rst and second 
mechanical arms are con?gured to independently move said 
?rst and second object carriers along said vertical direction. 

6. The apparatus of claim 1 further comprising a pad 
conditioning system, said pad conditioning system including 
a ?rst pad conditioner and a second pad conditioner that are 
con?gured to selectively engage said polishing surface of 
said polishing pad to condition said polishing pad. 

7. The apparatus of claim 6 Wherein said pad conditioning 
system includes a ?rst pad conditioning arm and a second 
pad conditioning arm that are connected to said ?rst and 
second pad conditioners to independently move said ?rst 
and second pad conditioners across said polishing surface of 
said polishing pad. 

8. The apparatus of claim 1 further comprising an object 
unload station that is vertically positioned With respect to 
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said object transfer station, said object unload station being 
con?gured to exclusively receive said objects that have been 
polished. 

9. An apparatus for polishing surfaces of objects com 
prising: 

an object transfer station that is con?gured to sequentially 
receive said objects; 

a polishing pad having a polishing surface to polish said 
objects; 

a ?rst object carrier and a second object carrier that are 
positioned about said polishing surface of said polish 
ing pad to engage said polishing surface of said pol 
ishing pad, each of said ?rst and second object carriers 
being con?gured to secure one of said objects to be 
polished; and 

means for sequentially transferring said objects betWeen 
said object transfer station and said polishing pad to 
exclusively polish said objects on said polishing pad, 
said sequentially transferring means being con?gured 
to transfer at least tWo current objects of said objects 
from said object transfer station to different locations 
on said polishing pad such that said tWo current objects 
can be simultaneously polished on said polishing sur 
face of said polishing pad, said sequentially transfer 
ring means including a ?rst object transfer arm and a 
second object transfer arm, said ?rst object transfer arm 
being con?gured to exclusively transfer some of said 
objects betWeen said object transfer station and said 
?rst object carrier, said second object transfer arm 
being con?gured to exclusively transfer some of said 
objects betWeen said object transfer station and said 
second object carrier. 

10. The apparatus of claim 9 further comprising a ?rst 
rotational drive mechanism that is connected to said ?rst 
object carrier and a second rotational drive mechanism that 
is connected to said second object carrier, said ?rst and 
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second rotational drive mechanisms being con?gured to 
independently rotate said ?rst and second object carriers. 

11. The apparatus of claim 9 further comprising a ?rst 
vertical drive mechanism that is connected to said ?rst 
object carrier and a second vertical drive mechanism that is 
connected to said second object carrier, said ?rst and second 
vertical drive mechanism being con?gured to independently 
move said ?rst and second object carriers along a vertical 
direction that is substantially perpendicular to said polishing 
surface of said polishing pad. 

12. The apparatus of claim 9 further comprising a ?rst 
lateral drive mechanism that is connected to said ?rst object 
carrier and a second lateral drive mechanism that is con 
nected to said second object carrier, said ?rst and second 
lateral drive mechanism being con?gured to move said ?rst 
and second object carriers along a lateral direction that is 
substantially parallel to said polishing surface of said pol 
ishing pad. 

13. The apparatus of claim 9 further comprising a pad 
conditioning system, said pad conditioning system including 
a ?rst pad conditioner and a second pad conditioner that are 
con?gured to selectively engage said polishing surface of 
said polishing pad to condition said polishing pad. 

14. The apparatus of claim 13 Wherein said pad condi 
tioning system includes a ?rst pad conditioning arm and a 
second pad conditioning arm that are connected to said ?rst 
and second pad conditioners to independently move said 
?rst and second pad conditioners across said polishing 
surface of said polishing pad. 

15. The apparatus of claim 9 further comprising an object 
unload station that is vertically positioned With respect to 
said object transfer station, said object unload station being 
con?gured to exclusively receive said objects that have been 
polished. 


